Background: We draw on a relational theoretical perspective to investigate how the
expect these processes and events to influence the social division and structure of labor in ways that have collateral consequences for population mental health. 7, 8 The present study thus has two primary aims: first, it describes the prevalence and odds of serious and moderate mental illness ("mental illness") and binge and heavy drinking ("drinking outcomes") across Census occupation categories in a contemporary, nationally representative sample, updating the literature on their occupational distribution. It also explores the relationship between these outcomes and other aspects of the social division and structure of labor (defined below), specifically, the gap between workers' productivity and pay, unemployment, and the gendered division of domestic labor. Second, it investigates whether and how the structure of work in the early 21st century is associated with mental illness and drinking outcomes.
Building on the research of Hadden et al 9 and Alterman et al, 10 the study makes novel use of the Department of Labor's Occupational
Information Network (O*NET), an under-utilized data source, and derives contemporary dimensions of the structure of work associated with mental illness and drinking outcomes. 11 
| Work and mental health
The social division and structure of labor have implications for individual and population mental health. A person's occupation, and the nature of their work, is a snapshot of dynamic power relations, between labor and capital, workers and bosses, the regulatory state and corporations, and even spouses or domestic partners. By virtue of being a snapshot, the effects of these social relations are difficult to detect and estimate; however, researchers have sought to operationalize the organization and character of work in ways that might reveal their traces.
Toward that end, this study adopts a relational approach 12 to understanding social class and work as social determinants of health. It draws on relational theoretical perspectives that view the social division of labor into various occupations, and the structure or character of the work done in those occupations, as dynamic, often mutually antagonistic social relations in which individuals are situated relative to their roles in economic production. 13 From this perspective, the social division of labor refers to the complex system that emerges in a commodity-producing society, in which individuals engage in qualitatively different forms of work. 14 Different people engage in different trades, crafts, and professional specialties across numerous sectors and production processes. In capitalist economies, the social division of labor is driven "chaotically and anarchically by the market," 13 but can be tamed by regulations, social protections, and public investments in particular sectors through subsidies, grants, etc.
The early 21st century was characterized by ongoing changes in the social division of labor; namely, the continued decline in the goodsproducing sector and growth of the service sector. Between 1999 and 2017, the percentage of the work force in the goods-producing sector dropped from 19% to 13.9%, while that of the service sector rose from 78% to 86.3%. 15, 16 This period was also characterized by ongoing wage stagnation coupled with an increase in work hours for all but the top 1% of wage earners, constituting a "productivity-to-pay gap." 17 For example, from 1973 to 2013, hourly compensation of a typical worker rose just 9%, while productivity increased 74%. 17 The social division of labor is implicated in mental health: research using U.S. data from the early 1980s found that lawyers, secretaries, and other teachers and counselors had elevated odds of depression relative to people in other occupations. 18 Alcohol consumption in particular, while not a health problem per se, is patterned by occupation [19] [20] [21] [22] and causally implicated in at least 60 medical conditions, accounting for roughly the same amount of death and disability as tobacco and hypertension. 23 Occupations are clearly implicated in population mental health: a recent study found that suicide rates differ appreciably by occupation, with the highest rates in farming, fishing, and forestry; construction and extraction; and installation, maintenance, and repair. 24 The structure of labor refers to the organization of work and the character of work. Different jobs have different physical and psychosocial contexts, and are organized in different ways: the assembly line involves more repetition and fast pace; website design involves more problem-solving and creativity. These characteristics are not merely the aggregated individual attributes of the people who end up in particular jobs, but also reflect "the habituation of the worker to the mode of production." 13 For example, one aspect of the structure of labor is the separation of the work of production into distinct tasks performed by different workers. This subdivision of production is an innovation of managers and owners of capital, enabling them to extract as much value as possible from the labor they purchase. 13, 14 For example, a trend observed over the course of the 20th century was the deskilling of workers through scientific management and technologization.
Through deskilling, managers and owners gained tighter control over the labor process, greater efficiency, and higher profits. First observed in manufacturing, deskilling has also occurred in once "white collar" occupations, for example clerical and administrative work. 25, 26 Conversely, some professional occupations have resisted deskilling and replacement by technology, such as jobs that require high levels of technical, professional, or creative expertise. 27 Considerable research has explored how the organization of work creates stress that can manifest in mental illness and substance use problems. Imbalances in the demands of work (pace, complexity, emotional toll) relative to workers' control and autonomy are associated with increased depression, alcohol abuse and dependence, and drug dependence. 19, 28, 29 Imbalances between effort and reward are also associated with increases in common psychiatric disorders, including depression and anxiety. 30, 31 Alienation, self-estrangement, and powerlessness in work are associated with heavier drinking patterns and the development of problem drinking among workers with low occupational status. 32, 33 However, much of this research prioritizes psychosocial explanations over more relational approaches that situate psychosocial risk factors within the material context of workplace organization, a context designed to increase productivity and profit.
Shifts in power relations against workers and in favor of capital also saw one of the most significant changes in the social division and structure of labor since the turn of the century, the normalization of precarious labor and job insecurity. 34, 35 Often euphemistically described as "flexible work" or "the gig economy," precarious labor can indeed be characterized by increased flexibility, but primarily of the sort that benefits employers. This flexibility makes it easier for employers to fire workers, use temporary laborers, and provide only contingent and part-time jobs, without benefits, through individual contracts and other forms of casualization. 36 Contingent and casualized labor has also made its way into professional sectors such as journalism and academia. [37] [38] [39] Unemployment and job insecurity influence mental illness and drinking. Unemployment results in economic strains and psychosocial exposures that increase the risk of depression, psychological distress, and harmful drinking. [40] [41] [42] Workers in contingent or casualized jobs share characteristics with people who are unemployed (including periods of unemployment themselves), and share many of the same health risks. 43, 44 Furthermore, contingent and casualized workers typically have less autonomy, are less likely to raise concerns about workplace health and safety, and have worse health outcomes. [45] [46] [47] "Job churning," or high rates of job loss during periods of low unemployment, is also associated with poorer health outcomes. 48 Changes in the social division and structure of labor also intersect with racialized and gendered power relations, the latter of which we will briefly explore in the present study. (Doing justice to race, gender, and the social division and structure of labor, from a relational theoretical perspective, is beyond the scope of the present study.) Nonetheless, women are concentrated in occupations that are characteristically more stressful, with greater exposure to low decision latitude, high job insecurity, low wages, and lack of benefits. 49 We used the 2017 version of the O*NET database in our analyses.
We restricted the PSID sample to respondents who indicated that their total annual hours of work were greater than zero and selected a Census occupation category. We excluded individuals who had retired and those in the military (See Table 1 for details).
We linked PSID data with data from the O*NET. 54 The O*NET is a Responses from all three sources are used to provide complete information for each occupation. 55 The O*NET provides information for roughly 1000 occupations, which are organized based on the
Bureau of Labor Statistics Standard Occupational Classification (SOC)
system. This allowed us to link them with Census occupation codes for heads of household and spouses in the PSID.
For all occupations, we obtained 102 items from the work activities 
| Measures

| Occupation
Occupation, our proxy for the social division of labor, was classified by 3-digit Census occupation codes from the 2000 Census. We combined the 508 Census occupation codes appearing in the PSID into 23 standard occupation categories (Table 1) .
| Employment status
Employment status is indicated by comparing respondents whose current employment status is "looking for work/unemployed" to those who are currently employed. 
| Index of productivity to pay
For full-time workers below the top 1% of wage earnings, we created a crude productivity-to-pay indicator, to operationalize the productivityto-pay gap discussed above. We defined this indicator as
Received wages À True wages Received wages
where received wages are an individual's hourly pay based on a 40-hour work week, and true wages are an individual's hourly pay based on the number of hours they actually worked. 14 This measure can be interpreted as the percentage of their received wage that individuals were hypothetically not paid for productive hours, assuming their output per hour was constant and they were paid at the same rate for every hour worked. This measure is a crude indicator of economic exploitation.
| Factor-analytically derived structure of work
We hypothesized that the 72 work activity; context; and education, training, and experience items from the O*NET represented a smaller number of underlying latent factors. We conducted an exploratory factor analysis to determine an optimal factor structure, 9. Freedom/unstructured, 7 items (Cronbach's α = 0.8) characterized by high levels of experience and education and the ability to determine tasks, priorities, and goals.
| Theoretically derived structure of work
The relational theoretical perspective that informs this study emphasizes the objective, material dynamics that characterize the organization of work. This perspective stands in contrast to traditional stratificationist approaches, which tend to focus on individuals'
interactions within their immediate work environments, and take workplace organization as given, without considering how it is determined by external political, economic, and technological processes. 59 For example, while a stratificationist approach might prioritize workers' subjective psychosocial experiences of workplace demands 60 such as task requirements, workload, time pressures, deadlines, and rate requirements, a relational perspective would argue that (i) such prioritization may conceal the objective function of workplace demands to increase productivity and profit, and (ii) these objective features may be more appropriate targets for activism and intervention. 59 From these insights, particularly as they relate to deskilling, 13 as well as workplace domination and managerial strategies to extract as much value from labor as possible, 13 headed by a woman with a male spouse present).
| Health outcomes
| Analysis
All analyses were conducted in R version 3.5.0. First we present odds ratios for the relationship between occupations and mental illness and drinking outcomes, utilizing PSID's longitudinal sampling weights to account for unequal selection probabilities, differential non-response, and differential attrition. These odds ratios and 95% confidence intervals were estimated using dummy variables for each occupation.
In each of these models, the reference group is all occupations other than the focal occupation. Model-based prevalences estimates for mental illness and drinking outcomes are presented in the Appendix.
We then examine the relationships among our index of productivity to pay, housework hours, and mental illness and drinking outcomes. Next, we present odds ratios and 95% confidence intervals for the relationship between our factor analytic-and theory-derived scales of the structure of labor and mental illness and drinking outcomes.
Odds ratios for factors and scales are estimated with continuous variables; the contrast is for a standard deviation unit increase in factor or scale. Estimates control for age, sex, racialized group membership, year, and relation to head of household unless otherwise noted.
Complex survey design-weighted logistic models with design-based standard errors were fit with R package "survey." 69 Figures were generated in R package "ggplot2." 70 Figures show results for significant relationships; non-significant findings are excluded for readability.
| Sensitivity analysis
In our main analysis, we are interested in the total effect of work on mental illness and drinking outcomes; therefore, we do not control for income, as it is an outcome of a person's occupation and mediates the relationship between work and mental illness and drinking outcomes. 71 However, in sensitivity analyses, we explore whether direct effects of work remain after blocking the pathway through a measure of household income. For these analyses, we categorized total annual household income as less than $35 000, greater than $35 000 and less than or equal to $62 700, greater than $62 700 and less than or equal to $100 000, and greater than $100 000. Table S1 for OR and 95%CI values.
| RESULTS
Supplementary material Table S2 shows the model-based prevalence estimates and standard errors for mental illness and drinking outcomes by occupation.
| Employment status
Looking for work/being unemployed was associated with increased odds of serious (3.7, 2.84-4.82) and moderate (1.86, 1.63-2.12) mental illness. Drinking outcomes were not significantly associated with employment status. Figure 2 shows the predicted probability of serious and moderate mental illness by weekly housework hours (our proxy for the gendered division of domestic labor), stratified by sex. Figure 2 shows that for both men and women, an increase in housework hours is significantly associated with increased moderate and serious mental illness;
| Housework hours
however, the frequency distribution of housework hours shows that more women engage in housework at all levels of weekly hours.
Drinking outcomes were not significantly associated with housework hours.
3.2 | Structure of labor 3.2.1 | Productivity-to-pay indicator Figure 3 shows the predicted probability of serious and moderate mental illness, for full time workers below the top 1% of earners, by the percentage of received wages that they were hypothetically not paid for productive hours. Figure 3 shows that the "percentage not paid" to workers is positively associated with moderate mental illness and serious mental illness for both men and women.
Controlling for wage type, that is, salaried versus hourly pay, had no effect on this finding (results available upon request). Drinking outcomes were not associated with the productivity-to-pay indicator. FIGURE 2 Predicted probability of serious and moderate mental illness relative to increases in housework hours. Note. Serious mental illness is defined as a score of 13 or greater on the K6. Moderate mental illness is defined as score greater than or equal to 5 and less than 13 on the K6 FIGURE 3 Predicted probability of serious and moderate mental illness relative to increases in the productivity to pay gap. Note. Each Yaxis has its own scale, in order to make contrasts visible. Serious mental illness is defined as a score of 13 or greater on the K6. Moderate mental illness is defined as score greater than or equal to 5 and less than 13 on the K6 
| O*NET factors
| Theoretically derived O*NET scales
| Sensitivity analyses
We repeated the above analyses, controlling for total annual household income, to determine whether a direct effect of our measures of the social division and structure of labor remained. The results of these analyses are available upon request. Controlling for total annual household income did not appreciably alter the above findings; in particular, results for employment status, housework hours, and the productivity to pay gap remained intact. However, additional occupations, O*NET factors, and theoretically-derived scales became associated with mental illness and drinking outcomes for men and women.
| DISCUSSION
Using a large, contemporary, nationally representative sample, this study investigated (i) how the social division of labor patterns mental illness and drinking outcomes in the early 21st century; (ii) whether there is there an empirical structure to the organization and character of work, and if so, whether it is associated with these outcomes; and (iii)
whether we could derive, based on theory, dimensions of the organization and character of work that are also associated with these outcomes. This study analyzed a wide range of exposures related to the social division and structure of labor, to both update and extend knowledge on the relationship between work and mental health, and identify areas that warrant subsequent in-depth research. We found that the social division and structure of labor were associated with mental illness and drinking outcomes in several general and specific ways.
The finding that occupation is associated with mental illness and drinking outcomes is largely descriptive, but illustrates that the social division of labor may shape the distribution of these outcomes.
Consistent with prior research, 18, 32, 33, 74 we find that "blue collar" and lower-status occupations are associated higher odds of drinking outcomes, and that lower-status and public-facing service, sales, and care jobs are associated with higher odds of mental illness. This finding is also consistent with data from the 2003 Canadian Community
Health Survey, which found that individuals in sales and service; trades, transportation, and equipment operators; and processing, manufacturing, and utilities occupations had higher risk of poor mental health. 75 Prior studies largely used now-outdated versions of census occupation categories or used different measures of mental illness; yet, the results of the present study overlap with and extend this work, as we used
Odds ratios for mental illness and drinking outcomes for standard deviation increases in each factor-analytically derived O*NET dimension of work. Note. Serious mental illness is defined as a score of 13 or greater on the K6. Moderate mental illness is defined as score greater than or equal to 5 and less than 13 on the K6. "Heavy drinking" is defined as usually consuming 4 or more (women) or 5 or more (men) drinks in the same occasion, 60 or more times in the past year (or roughly 5 or more times per month). "Binge drinking" is defined as consuming 4 or more (women) or 5 or more (men) drinks in the same occasion, at least once in the past month current Census occupation categories, a well-validated measure of mental illness, and contemporary, standard definitions of binge and heavy drinking.
Given that individuals' occupations and mental illness and drinking outcomes were ascertained in the same survey waves, it is also likely that some portion of the association between occupations and these outcomes reflects selection effects; that is, individuals with mental illness and those who engage in binge and heavy drinking may be more likely to obtain employment in particular occupations. In either case, results of sensitivity analyses revealed that these findings were not entirely explained by income.
This study found that looking for work/being unemployed was associated with increased odds of serious and moderate mental illness.
These findings are consistent with prior research, which finds that unemployment and job insecurity are associated with increased mental illness, and that this relationship is not completely explained by selection effects. 76 In addition to the direct material and psychosocial consequences of unemployment and job insecurity (although our findings held after adjusting for income), these statuses may also have an indirect influence on mental illness and drinking; workers frequently looking for employment or in insecure jobs may be less inclined to organize collectively against harmful working conditions, since they are less secure in taking on their employers. capital outlays for fixed assets, non-wage forms of worker compensation, and unequal distributions of income-generating assets, and link these measures to population health data. Focusing explicitly on the degree of exploitation in particular occupations or that particular individuals or groups experience, rather than proxies such as income inequality or socioeconomic status, shifts attention to the structural
FIGURE 5
Odds ratios for mental illness and drinking outcomes for standard deviation increases in each theoretically derived O*NET dimension of work. Note. Serious mental illness is defined as a score of 13 or greater on the K6. Moderate mental illness is defined as score greater than or equal to 5 and less than 13 on the K6. "Heavy drinking" is defined as usually consuming 4 or more (women) or 5 or more (men) drinks in the same occasion, 60 or more times in the past year (or roughly 5 or more times per month). "Binge drinking" is defined as consuming 4 or more (women) or 5 or more (men) drinks in the same occasion, at least once in the past month processes that generate economic inequality and which may be more appropriate explanatory mechanisms for mental illness.
This study identified a 9-factor empirical structure to the organization and character of work, and found that physical and risky and technical and craft work were associated with binge and heavy drinking. These findings are consistent with Alterman and colleagues, 10 who found that physical labor and hazardous work exposures were associated with heavy drinking. However, beyond physical and risky work, our factor structure differs from Alterman and colleagues' because we limited items for factor analysis to the characteristics of occupations and excluded characteristics of individuals who hold particular occupations. We did this because our theoretical orientation emphasizes the structure of work as a social relation rather than a set of individual attributes. We found that work characterized as analytic and administrative, freedom/unstructured, managerial leadership, service and sales, and team leadership were associated with lower odds of mental illness and drinking outcomes. Nonetheless, like Alterman and colleagues, our findings differ from traditional job strain and demand/ control models of the character of labor by focusing on objective features of workplace organization rather than subjective assessments of the psychosocial work environment. 59 However, as Alterman and colleagues note, there is indirect evidence for substantial overlap between these operationalizations, to the extent that the objective features of workplace organization are correlated with subjective psychosocial assessments of the workplace environment. We argue that the traditional focus on the latter at the expense of the former prioritizes individual-level interventions that leave current structural arrangements intact, and are less likely to be effective than efforts that challenge and alter status quo power relations.
Finally, we operationalized theoretical insights on deskilling and "the habituation of the worker to the mode of production" 13 along four dimension: authority, autonomy, automation, and expertise. We found that work characterized by high automation was associated with higher odds of binge drinking, and that higher authority, autonomy, and expertise were associated with lower odds of mental illness and drinking outcomes. These findings are intuitive, but also consistent with contemporary theory that certain occupations may place workers in strategic and privileged positions within labor markets and economic production. 27 Control over advanced knowledge and expertise renders these workers' labor effort difficult to monitor and control. Possession of delegated ownership authority also places workers in strategic and privileged positions within the apparatus of domination that ensures adequate effort from other workers. 27 By being relatively protected from domination and exploitation, work characterized by authority, autonomy, and expertise may offer protection from psychosocial risk factors for mental illness and drinking outcomes. 
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ENDNOTE
a To understand the difference between level and importance, consider the skill "speaking": possession of this skill is equally important for paralegals and trial lawyers (compared to say, a landscaper), but paralegals do not require as high a level of this skill as trial lawyers, who might argue before the Supreme Court.
